Introduction
Teeth obtained from an archaeological assemblage provide important information for the reconstruction of the behaviour of past populations (Larsen et al. 1991) .Dental tissues are the best preserved part of human and non-human remains (Kohn et al. 1999; Lee et al. 2011; Wesolowski 2006) and often the sole source of information about past and recent populations using retrospective and forensic sciences (Bowers 2004; Larsen 1999; Scott, Turner 1997) . Bioarchaeology and paleopathology are interested in the pathological conditions of dental tissues as dental caries (Scott, Turner 1988) , pulpitis (Hillson 1996) , peri-apical inflammation (Banerjee et al. 2000) , enamel hypoplasia (Hillson 1997) , abrasion, erosion and resorption (Deter 2009 ), ante-mortem loss of teeth (Hillson 2001; Waldron 2009 ), calculus and periodontitis (Hillson 2005) or trauma (Buikstra, Ubelaker 1994) . All of these pathologies can help establish a certain picture concerning lifestyle (Sheiham 2006) , diet, food preparations, social status (Garcia-Closas et al. 1997; Piovesan et al. 2011; Reisine, Psoter 2001; Sheiham, Bönecker 2008) , stress period during infancy (Kilian, Vlček 1989; Lovejoy 1985; Ubelaker 1987 ), sex differences (Keenleyside 2008; Lukacs 2008 ) and subsistence strategies (Nelson et al. 1999) . On the basis of these and other similar bioarchaeological studies, anthropologists and archaeologists have created conceptions of past populations. We, however, are attempting to demonstrate that interpretations of prehistoric and historic populations can be inaccurate.
The most commonly investigated dental disorders in bioarchaeological studies are caries lesions. Dental caries serve as an indicator of different subsistence systems for a wide range of chronological periods in diverse cultures. The prevalence of caries reflects temporal and spatial trends in social stratigraphy, sex and gender inequality, diet and
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Correct scoring of caries lesions is a fundamental step in the bioarchaeological investigation of past populations. The present and the extension of caries lesions inform us about past subsistence and diet, human behaviour, social inequality and overall health status through time. We asked ourselves how relevant an interpretation of a past society's dependence on dental caries identification might be with an interest in demonstrating the quality of the primary data and the need for precise evaluation. We tested an assessment agreement of dental caries among observers from different subject fields. Two dentists and two anthropologists visually investigated 233 teeth and 3029 teeth surfaces from archaeological samples at the Plzeň "U Zvonu" cemetery dating to medieval and early modern times. We made use of Cohen kappa and Fleiss' kappa to calculate the inter-observer and intra-observer agreement. The results indicate that the overall prevalence of dental caries in the tested assemblage ranged from 1% to 6%, depending on the observer. The inter-observer agreement decreased from an average of k=0.77 (identification of teeth) to k=0.40 (evaluation of the extent of caries lesion). Assessment in the caries extension decreased more rapidly having been caused by the in all probability increasing demands of individual observation. We recorded homogeneity in the assessment of each observer in the intra-observer agreement with the exception of Dentist 2. We did not record a dependence on the subject field of the observer. The most probable cause of low inter and high intra-observer agreement could be in the methodological process of each observer, precision in the application of the methodology and the responsibility of the individual observer. changes in food-preparation techniques and food habits. There is strong evidence to suggest that people of different social units consumed different food (Weiss 2009 ), that females have higher prevalence rates than males due to their reproductive physiology and advance susceptibility to oral disease, or that invention of agriculture had impaired effect on oral health. This is well documented in numerous transition processes.
Caries lesion is a disease manifested by focal demineralization of dental tissue caused by enzymes. The process of demineralization begins as a white-brown solid spot on the crown (Hillson 1996) and a yellow-brown soft spot on the root of the tooth (Nyvad, Fejerskov 1997) . This is known as initial lesion or initial caries (Figure 1 ). The fact that most dental anthropologists do not take initial lesions into account in their evaluation is a serious issue (e.g. Hillson 1996; 2001; . This is particularly problematic in dietary pattern studies. We always need to observe all kinds of pathologies. This would be the same as someone not assessing hairline fractures in a study engaged in traumas. There is additionally the issue of differentiating non-cavitated lesions from post-mortem changes due to diagenetic alteration. Distortion is still lower when we want to work with initial lesions than when we do not (LiebeHarkort et al. 2010; .
Caries lesion is represented in various stages, from slightly less visible demineralization to extensive cavitation or loss of the tooth crown (Figure 2 ).Caries lesions are the precisely localized destruction of enamel and dentine caused by bacterial production of acids in dental plaque (Selwitz et al. 2007 ). This process is primarily caused by bacteria from taxon Streptococcus mutans. Additional bacteria are S. oralis, S. milleri, S. salivarius, Actinomyces neaslundii, A. viscousus and Lactobacillus acidophilus. The fluctuating prevalence of dental caries in prehistory and history is due to three main factors: a) aggregation of complex oral bacterial flora (streptococcus) and individual susceptibility, b) exposure of the teeth surface (crown size, morphology, manner of subsistence, age, sex and the environment where the subjects lived), c) diet consistency and the manner in which the food is prepared (Larsen 1995; 1999; Larsen et al. 1991) . It was previously believed that certain populations, such as Eskimos, were immune to caries lesions. Recent studies have shown that this is caused by the large amount of meat in the composition of the diet (Scott, Turner 1988) . As a result of a diet mainly based on meat, hunters and gatherers are less affected by caries lesions than agriculturalists whose diet is based on grains and carbohydrates (e.g. Deter 2009 ). A tough diet (meat), however, in contrast to soft and sticky food inflicts the abrasion of teeth (e.g. Hillson 1996; .
The great potential and importance of dental caries for bioarchaeological investigation is evident. The quality of the primary data and its precise evaluation is therefore essential. Detailed descriptions, using a magnifier and standard guidelines, are necessary for accurate assessment. A number of anthropological studies surprisingly differ in their assessment of the prevalence of dental caries (e.g. Čechová 1998; Pankowská 2009; Strouhal 1964) . All the authors investigated Early Bronze Age populations from the Czech Republic (Čechová 1998; Pankowská 2009; Strouhal 1964 ). Čechová found that in 5-10% of the analysed individuals dental caries were present, Strouhal identified dental caries in 2.1-3.2% and Pankowská found them in 1.0-1.7% of the examined individuals. The difference between Pankowská and Strouhal is not as drastic as it is between Pankowska and Čechová and Strouhal and Čechová. 
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There are two ways to look at these different interpretations. First, the dissimilarity between the amounts of caries lesions in the examined archaeological populations can be explained by bio-cultural factors (environmental factors, diet, economy, age, heterogeneity in mortality which causes intrinsic group factors such as total susceptibility, variation in social status, etc.). The second, more probable, interpretation is that individual researchers have had certain dissimilarity in their methods for evaluating dental caries which has led to mistakes and disagreement in assessment (Liebe-Harkort 2010) .
This disagreement is a common problem in studies concerned with teeth from archaeological assemblages (Hillson 2001; , which makes it difficult to compare different paleopathological and bio-archaeological studies. Those studies which include initial lesions tend to report a higher degree of caries than those confined to only frank cavities. Inconveniences in the evaluation of initial caries lesion are also reported in clinical dentistry (Ismail et al. 2007; Tam, McComb 2001; Basting, Serra 1999) . Additional factors, however, impact the heterogeneity in the recording of dental caries even when the same methodology is used (Liebe-Harkort 2010). There are two factors which can impact the amount (over-or underestimate) of the identified dental defects: the experience of the observer and the state of preservation of the sample. Another issue is the effort to interpret ante-mortem teeth lost due to the influence of caries lesions (Larsen 1995) .
Observer experience and branches of science are a crucial bias in disagreement concerning caries lesion evaluation. This kind of interest in dental caries stems from the completely different needs and concerns of various scientific disciplines. Dentists perceive lesions as an infectious disease (comparison : Ismail 1997; Keenleyside 2008; Larsen 1995) of teeth which must be removed with a dental drill and filled with a filling. For anthropologists, however, caries lesions are a source of valuable information about the life of past populations and they are not allowed to apply these destructive analytical methods. The contexts of work with caries lesions are miscellaneous. The diagenetic change could be incorrectly identified as initial caries, or vice versa, because of dentists lacking experience with archaeological material. Dentistry works with certain chemical changes based on dental plaque which may cause discoloration of dental tissues. This discoloration can be easily distinguished from caries lesion and diagenetic changes. Digenetic changes and initial lesions in archaeological assemblages are, in contrast, extremely similar ( Figure 3 ). Dissimilarity such as this affects the perspectives of all observers from different branches of science.
In retrospective sciences such as physical anthropology and archaeology, researchers have problems with validity and reliability. This is particularly the case in morphoscopic assessment which is more subjective than morphometric assessment (Bruzek 1996) . Bruzek at al. (1994) created four groups involving the most common reasons for errors in skeletal evaluations: the state of preservation; the definition of measurement points and the measurement itself; the accuracy of equipment and errors which can be made by an individual. Validity and reliability are possible through calculated intra-and inter-observer agreement (e.g. AlwasDanowska et al. 2002; Garpet, Last 2005; Kiserund et al. 1999; Palmerim 1998) . A number of studies have tried to highlight the difficulties and the importance of creating new reliable methods (Hillson 1996; 2001) . Despite apparent inaccuracy and uncertainty, visual evaluation is still the most A.
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commonly used method for assessment of caries lesions. The aim of this paper is to assess the agreement in teeth and caries lesion identification between two groups of investigators: anthropologists and dentists. The question is how and why investigators will differ amongst one another depending on their subject field. We draw attention in this study to the risk of using accurate calculation based on extremely inaccurate data which can lead to an incorrect judgement in bioarchaeology.
Material
The material consists of 233 permanent isolated teeth (83 incisors, 45 canines, 51 premolars and 54 molars) obtained in an excavation of a medieval and modern hospital cemetery in Plzeň "U Zvonu". The site was excavated in 2010/2011 as a rescue archaeological excavation on the site for a new building of the West Bohemian Gallery. It was conducted by the Museum of West Bohemia in Plzeň under the leadership of the archaeologists J. Orna and V. Dudková. Parts of the hospital church of Mary Magdalene and part of the contiguous cemetery were revealed throughout the excavation. All the teeth were visually sound or had a variety of occlusal, approximal, cemento-enamel junction (CEJ) or root caries lesions, both cavitated and non-cavitated.
Methods
All of the 233 teeth were evaluated by four specialists with varying levels of experience in visual diagnosis of carious lesions and teeth. The observers were comprised of two dentists: Dentist 1 (D1) and Dentist 2 (D2) and two anthropologists: Anthropologist 1 (A1) and Anthropologist 2 (A2). Both dentists had a range of experience with clinical dentistry which included work with dental caries. Dentist 1 was also familiar with dental paleopathology having participated in several anthropological studies. Anthropologist 1 had extensive experience with dental paleopathology. Anthropologist 2 was a beginner in dental anthropology.
Each researcher had two evaluations with a minimum interval of two weeks between each assessment. The study provided two consecutive steps:
1. Determining the type of tooth and its inclusion into the upper or lower jaw. 2. Evaluating all sides of the tooth for the presence and extent of caries lesion. Each tooth was divided into three, individually assessed, segments: 1) crown; 2) root; 3) CEJ. The surfaces were evaluated in the following order: occlusal, buccal crown, mesial crown, oral crown, distal crown, buccal CEJ, mesial CEJ, oral CEJ, distal CEJ, buccal root, mesial root, oral root and distal root.
Visual inspection was undertaken in normal daylight with a combination of artificial lighting, without a magnifying glass or microscopes. A dental explorer was not allowed as this might damage the dental tissue. There was a requirement that each observer should be sufficiently relaxed and have a sufficient amount of time for evaluation of each tooth. These conditions were not strictly controlled and they were just recommended to avoid unnecessary mistakes.
The determination type of tooth was recorded by the letter "x" into the protocol where each tooth had own cell. The presence and extent of caries lesion was evaluated by the seven-grade and five-grade scale (modified after Hillson 2001 and Liebe-Harkort et al. 2010; . The seven-grade scales were used for evaluation of the sides of the crown and CEJ of tooth. The five-grade scale was used, in contrast, for evaluation of the root. All points and scales are defined in Table 1 .
Statistical methods
To express intra-and inter-observer agreement with standard references, kappa was calculated. In this study, Cohen unweighted kappa (Cohen 1960 ), Cohen weighted kappa (Cohen 1968 ) and Fleiss kappa (Fleiss 1971) are presented.
The evaluation of the chosen statistical methods was divided into three sub-steps:
1. The agreement in determining the type of tooth and extent of caries lesion were calculated by Cohen weighted kappa. 2. Data gained from the inclusion tooth to the upper or lower jaw and evaluation of the presence of caries lesion were evaluated by Cohen un-weighted kappa. 3. Fleiss kappa was used for evaluation of agreement between all the observers together in case of determining the type of teeth and the presence of caries lesion on a particular tooth surface. Landis and Koch (1977) was used for expressing agreement of evaluation, where the authors divided agreement into five degrees and each level of conformity had word descriptions for easier understanding (Table 2) . If the results had a positive value, they were statistically significant. This meant that the agreement was too high for it to be random (Landis, Koch 1977) .
Results
A total of 233 teeth were examined. Each tooth had 13 surfaces associated into 3 units. This amounted to 3029 surfaces for visual evaluation carried out by one observer. The results were divided into five groups based on the type of evaluation and the pursued issues. The text only mentioned average results from all the observers. Detailed intra-and inter-observer results for all the observers are shown in Tables 3-7. An evaluation dealing with the identification of the tooth type revealed a perfect consensus (k=0.90) in the intraobserver agreement and a substantial consensus (k=0.77) in the inter-observer agreement (Figure 4) . The assessment of the inclusion teeth to the upper or lower jaw revealed a perfect consensus (k=0.85) in the intra-observer agreement and a substantial consensus (k=0.66) in the inter-observer agreement ( Figure 5) . Despite the same level of agreement, the k values declined. The lowest level of agreement and k values were in the evaluation agreement type of the tooth between all observers. The consensus had moderate values (k=0.55) in the inter-observer agreement.
Identification of the present caries lesions revealed a perfect consensus (k=0.82) in the intra-observer agreement and a moderate consensus (k=0.55) in the inter-observer agreement ( Figure 6 ). Evaluating the extent of dental lesions revealed a substantial consensus (k=0.78) in the intra- observer agreement and a fair consensus (k=0.40) in the inter-observer agreement (Figure 7 ). The average agreement between all the observers in the evaluation of the present caries was moderate (k=0.44). Caries lesion prevalence was low in all the observer evaluations. Dental caries were present in 1 -6% of the 3029 assessed teeth surfaces based on the results of the observers. In the first evaluation, Dentist 1 identified 4%, Dentist 2 identified 5%, Anthropologist 1 identified 1% and Anthropologist 2 identified 6% of the teeth surfaces as decayed. In the second evaluation, Dentist 1 identified 4%, Dentist 2 identified 5%, Anthropologist 1 identified 2% and Anthropologist 2 identified 5% of the teeth surfaces as decayed. The percentages reveal the low amount of present caries lesions in the assessed assemblage.
In summary, the results indicate a solid agreement tendency in the intra-observer consensus with the exception of Dentist 2. His/her intra-observer agreement is k=0.20 lower than the other observers. With regard to the interobserver agreement, Dentist 2 and Anthropologist 2 had the lowest kappa results. Dentist 2 had the lowest kappa results in the parts of the study based on work with identification of teeth and Anthropologist 1 had the lowest kappa results in parts dealing with caries lesions. In contrast, the results reveal the lowest agreement with higher demands of evaluation. The obtained outcomes confirm the low reliability of the visual evaluation of the teeth and caries lesions. The study provides only one exception of good and useful results in the identification of teeth.
Discussion
In this study we tested the agreement between two dentists and two anthropologists in a visual evaluation of dental caries and teeth identification. 233 permanent teeth were used (3029 evaluated teeth surfaces) for this purpose.
Identification of present caries lesions obviously reveals a declining trend in agreement. This is most rapid in the inter-observation agreement where the consensus decreases from an average k=0.77 to k=0.55. In assessing the extent of caries lesion, the declining trend continues. It is currently around k=0.44. This is in all probability caused by a steeper gradient increasing the demands of individual observation. Anthropologists are logically affected more because they have much less experience with caries lesions. For the sake of correctness, declining in agreement not only concerns anthropologists, but it concerns dentists as well. This is specifically Dentist 2, since his/her results were low. It is surprising since Dentist 2 has years of experience working with caries lesions and teeth. The most probable cause is the limited attention paid to the evaluation and a neglect of the methodological process. The greatest difference is apparent in the evaluation of the extent of caries lesions which needs the most time and attention. In contrast, Anthropologist 1 had perfect intra-observation agreement but slight and fair inter-observation agreement in the evaluation of the extent of caries lesions. There is also a methodological explanation. Anthropologist 1 disapproved initial caries lesion as a state of dental tissues which is in need of evaluation for obtaining a sufficient interpretation. These differences in the results and their causes revealed the necessity of using the same methodology and approach. The abovementioned methodological problems only deplete, however, the 20-30% variability of evaluation error. The remaining evaluation error is in all probability caused by the unreliable and uncertain visual method. The prediction of higher conformity was based on the logical fact of a similar experience in working with caries lesion and the intention of working with them. As was mentioned in the introduction, dentists need to detect dental decay and replace it with fillings. The most appropriate method in this situation is a dental probe. Dental probing is not allowed in evaluation of archaeological samples. Dentists are not accustomed to assessing caries lesions with only the use of the visual method and also are not familiar with diagenetic changes to dental tissue. Anthropologists have, in contrast, less experience with caries lesion than dentists, but are familiar with archaeological assemblages. The point of intention makes dentists more predisposed to determine more tooth surfaces as decayed. Anthropologists expect the presence of discoloration caused by the chemical process under the ground which can lead to determining initial caries as smooth surfaces only changed by chemicals. LiebeHarkor et al. (2010; obtained the same conclusion, namely that observers from the same branch of science have a higher agreement evaluation. In the present study, the expected result was not accomplished. Surprisingly, a higher level of agreement was achieved between Dentist 1 and Anthropologist 1 and Anthropologist 2 (depending on the type of evaluation). The assumptions that dentists will overestimate and anthropologists underestimate caries lesions have not been met either. The discrepancy in the evaluation of caries lesion frequency was caused by Dentist 1 and Anthropologist 2. These two observers actually exchanged their roles with Dentist 1 having determined less caries lesions than Anthropologist 2. This fact was in all probability caused by partial involvement with the opposite scientific branch.
Low dental caries prevalence was recorded in the assemblage. This could lead to a relatively high agreement in evaluation since a consensus in identification of a smooth tooth surface or healthy teeth is always higher than in assessment of decayed teeth. In any assemblage with a larger amount of carious teeth, it is probable that the agreement will be lower than in our study with the low number of present caries lesions.
The state of preservation and diagenetic change plays an important role in good determination. Diagenetic alteration of teeth causes problems in evaluation because they can look like caries lesions. This may lead observers to assess an altered surface as a caries lesion or vice versa. Due to these transformations, skeletons can be completely lost with the only aspect which survives being isolated teeth. Situations such as these reflect the need to be able to identify the type of tooth. Our results indicate insufficient agreement in determination of types. Although this is surprising, it is important to realise that it is extremely difficult at times to recognise types of teeth due to variations in morphology and diagenetic alteration (Pankowská et al. 2014) .
The study provides unique results from assessing agreement among observers. This research is most appropriate in experimental sciences (Garpet, Last 2005; Kiserund et al. 1999; Sim, Wright 2005) , technical disciplines (AlwasDanowska et al. 2002; Keller et al. 2003) , retrospective science and other natural science branches (Liebe-Harkort 2010; Palmeirim 1998) . Analogous calculations should be included in all studies engaged in quantification of certain problems, provision of new methods, typological work or only for expression of the quality of our evaluation. These points are extremely important for future readers of our studies since it could obviously inform them about the potential in our new methods and interpretations. This study is consequently of appeal for all researchers who will read it in order to involve the calculation of agreement into their studies.
Generally, a suitable combination with good validity and reliability consists of visual, RTG and fluorescent methods. These methods could detect most dental caries types (cavity, initial caries, re-mineralized caries and conditions between) and should be helpful for distinguishing caries and diagenetic changes. There are no invariable directions as to which method is preferable in certain cases. The best approach is in all probability not to prioritize among these methods and in a synthesis part compare all data from all the used methods. We could consequently exclude certain types of caries and confirm others. The current separate method cannot cover all types of dental caries. It is therefore practically of no use to speak about validity and reliability when the employed method completely ignores a certain type of dental caries. Experience and knowledge are undoubtedly important parts of work with dental caries. In certain cases, however, not even experience and knowledge are sufficient for correct evaluation of the situation in the mouth. The best solution is thereby a combination of optimal methods and adequate knowledge or collaboration with experienced colleagues.
Conclusion
The team of two dentists and two anthropologists performed an examination of the type of teeth and caries lesion of 233 teeth from an archaeological assemblage. The resulting values are positive in most intra-observation agreement with the exception of several evaluations performed by Dentist 2. In inter-observation, however, this is an acceptable consensus in the few cases of identification and the extent of caries lesions. We did not rate the researchers but instead were interested in demonstrating how visual macroscopic evaluation, a different methodology, observer experience and responsibility can lead to misclassification of dental caries and the identification of teeth. The results clearly indicate the low reliability and certainty of the visual method. It follows that an interpretation based entirely on the visual evaluation of teeth would most likely be distorted. Teeth bear valuable information about the lives of past populations. Loss or distortion of this information can lead to the creation of a completely incorrect picture of our ancestors. It is important to use more than just one type of diagnostic method with a well-elaborated methodology.
